Packet switches (or routers) are key hardware components in the Internet, directing information through the network from its source to its destination. Incoming data packets arrive at routers on optical-fiber transmission links and are converted to electrical form by optical-to-electronic (O/E) converters for processing. Similarly, outgoing data passes through E/O converters before traversing the next optical link in the network. An optical packet switch is similar to an electronic router but does not require O/E and E/O converters. [1] [2] [3] Instead, the data remains in optical form throughout the network, including the switches. Figure 1 shows schematic diagrams of electrical and optical switches.
For a number of years, researchers (including the author) have argued that optical packet switching will become an essential part of the Internet as the size and capacity of the network expand. The approach has several key advantages, including higher bandwidth and data format independence. However, a major obstacle to development of practical hardware has been the lack of a suitable memory technology that can store highbit-rate optical packets. In an electronic switch, electronic buffer memory provides storage when needed to avoid collisions between outgoing packets on the same output port.
In a recent paper, 4 we reported a detailed study that compared the advantages of optical and electronic switching, with a focus on power dissipation. This key consideration has largely been ignored by the optical packet switching research community. [1] [2] [3] However, the power consumption and heat dissipation associated with big routers are already major issues in the telecommunications industry 5 and are likely to become even more problematic as routers become larger. Optical switching will never play a significant role in the Internet if it consumes more energy than electronic switching.
Our study included the two main physical-layer parts of a router: the buffer and the cross-connect switch. We used aggressive but plausible estimates of buffer and switch perfor- 
The line cards connect to the cross-connect switch fabric. An IP lookup table and a CPU control packet forwarding. In the electrical switch, all components are electronic except for the optical-to-electronic and electronic-to-optical converters at the I/O ports. In the optical switch, the input interfaces, buffers, and cross-connects are optical.
mance projected out to around 2020. Our analysis of buffer technologies was based on models of power dissipation in optical delay-line buffers and in high-capacity, rapidly reconfigurable optical cross-connects. We also looked at storage capacity in slow-light delay lines. In addition, we compared conventional fiber delay-line buffers with slow-light delay-line buffers using photonic crystals, resonator structures, and electromagnetically induced transparency. [6] [7] [8] [9] Finally, we examined the physical size of the hardware required. To give concrete examples, we considered packet switches with throughputs of 100Tb/s (10 14 b/s) and 1Pb/s (10 15 b/s).
We concluded that optical packet switching does not provide a magic solution to the problem of providing an ever-expanding switching capability in the Internet. 4 Optical routing does not
Continued on next page
solve the energy problem, and neither conventional nor slowlight delay lines do away with the storage problem. In particular, planar integrated optical buffers (including slow-light buffers) occupy a larger chip area than their electronic equivalents, dissipate more power, and are limited in capacity to, at most, a few IP packets. Optical-fiber-based buffers have low power dissipation but are bulky. Optical components will play a role in large-scale cross-connects, but O/E/O converters will not be eliminated. Optics is well suited to transmission of data, and electronics is well suited to buffering and manipulation of data.
Note that unforseen technology breakthroughs could well change some of our conclusions. However, we hope that our work stimulates discussion and debate on the relative merits of electronic and optical packet switching. If this debate eventuates, it needs to consider the centrally important issue of energy consumption.
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